The atomic regime in which the interaction of the electron with an external magnetic field dominates the Coulomb interaction with the nucleus, relevant to pulsars, can be realized at laboratory magnetic fields for discrete autoionized states of hydrogen, at energies above the ionization limit. Approximate wave functions, energy levels, and electric dipole transition probabilities are presented for hydrogen, and an atomic beam absorption spectroscopy experiment at 50 kG is proposed to study this new regime.
Recent astrophysical evidence indicates the existence of intense magnetic fields B of the order of 1018 G (1 G = 10-i T, tesla) on pulsars (1) , and in this connection* the behavior of atoms has been discussed theoretically (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . From the atomic physics viewpoint these intense magnetic fields provide a new atomic regime in which the magnetic interaction dominates the Coulomb interaction. For example, the energy spectrum of hydrogen in an intense magnetic field is that of an electron in the magnetic field perturbed by the relatively small Coulomb interaction. This regime is achieved for the ground state of hydrogen for B of order 5 X 109 G, at which value the cyclotron radius is less than the Bohr radius. It would be interesting to study this new atomic regime in the laboratory. At any value of the magnetic field this regime is realized, e.g., for hydrogen, in a state of sufficiently high excitation (12) (13) (14) (15) (16) (17) .
The nonrelativistic Schrbdinger equation for the relative motion of a hydrogen-like atom or ion in a uniform magnetic field taken along the z axis is approximately (18) For the intense magnetic field regime, the well known adiabatic approach, described initially by Schiff and Snyder (13) , is applicable in which the fast motion in the plane perpendicular to the z-direction is considered separable from the relatively slow z-motion and the Coulomb interaction is neglected with regard to the perpendicular motion. The normalized eigenfunctions for the perpendicular motion of the electron in the magnetic field are (19) 
4'nm~pq')= 2irrc2( !+fl)! X (2 2) Llmm(p//2r22)eiO [2] in which r, -(hc/eB)'/2 is the cyclotron radius, L}'1 is the generalized Laguerre polynomial, n, = 0,1,2..., and m= 0, 4 [5] in which Vnpiml(Z) = -Ze2ffIcZn,,om(pO)j2(p2 + Z2) -'1/2pdpdo. [6] The discrete eigenfunctions and eigenenergies of Eq. 5 are written as fnpmna (z) and 5npmn5 where n, = 0,1,2,. orders the solutions of Eq. 5 in increasing energy and z nodes. They are infinite in number since asymptotically the leading term in Vnplml approaches -Ze2/z. There is also a continuum of solutions of Eq. 5 for e > 0, for unbounded motion along z. The discrete energy eigenvalues of Eq. 1 in the intense magnetic field regime are then written approximately Enpm"n = En)m + 6npmn function. The electron spin magnetic quantum number m, = ±41/2 is then a good quantum number. Other relativistic corrections to the energies are negligible for this intense magnetic field regime. We then obtain approximately an additional energy term huwm, in the total energy eigenvalues.
Variational estimates of the eigenvalues Enpmn, for the lowest even (n, = 0) and odd (n, = 1) states of Eq. (5) pz2/2u, indicate that even for the largest case (n,* = -1) the widths are extremely small relative to hw,.
The probability of excitation, by whatever process, to states in the intense magnetic field regime depends, as a function of energy, on interference between the discrete states and underlying continua. We have evaluated the electric dipole transition matrix element §, Sy = (Tnpmnx, r 'nim') where, since 0 symmetry is preserved, the basic polarizations are taken to be a(Am = =+1) and T(Am = 0). The excitation probability is thenI w = 4iy2a co N(co) 17yI26(m,,ms) where a is the fine structure constant, W = (Enpmn, -Enim,)/h, the delta function specifies that m, is unchanged and N(w) is the number of incident photons per unit angular frequency, area, and time, which for simplicity here is assumed constant over the line width.
We present approximate results for the probability of excitation from the 2S state (1 = m' = 0) to states 4,npmn. with n, = 0,1. The corresponding functions fnpmn, are approximated byf,, and the value of a that minimizes the energy is taken to be approximately 1/(4npr,2). The extension of Tnpmn, is much larger than the 2S state, and if we expand "'pmnz about the origin the leading terms for the transition probabilities are w-= (103) (ao/r)5(nP)'/2N(co) 5(m, i 1)6(P,O) sec-' [1Oa] w' = (6 X 1 05)(aolr,,)I(n.)-/2N(,w)6(m~O) X 6(P,1) sec1, [lob ] where N(co) now has inverse cm2 units, and the delta functions specify selection rules. WT is reduced by the factor (ao2/ npr.2) relative to w', which comes about because the odd solution poi approaches zero near the origin. Similarly, transition probabilities to higher states (n, > 2) are greatly reduced.
A schematic diagram of a proposed atomic beam absorption spectroscopy experiment to measure precisely the spectrum of energy levels of hydrogen in the intermediate and intense magnetic field regimes is shown in Fig. 3 . The initial hydrogenic state is chosen to be the metastable 2S state. 
